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Over the past 50 years, computer science
research has contributed enormously to the
progress of science and engineering (S&E).

In fact, it is difficult to imagine any field of S&E that
has not been impacted. Equations lacking closed form
solution are routinely solved with sufficient precision
using numerical methods. Aircraft fly, reactors oper-
ate, cars drive, minerals are mined and processed, all
in ways that would not be possible without advanced
computing. The increasing availability of data is open-
ing new opportunities for advancing all areas of S&E
and can benefit significantly from advances in com-
puter science.

Looking ahead, one can expect dramatic changes
in applications across all of S&E. These are driven in
part by the increasing availability and scales of experi-
mental and observational data, the ability to model
phenomena more holistically across multiple scales
and physics, the need for near-real-time data process-
ing and actuation, etc. Complementing these changes
in applications, the landscape of technologies and
resources is also changing, providing new capabilities
while at the same time adding new complexities. This
includes the emergence of novel storage technologies
and deep memory hierarches, the proliferation of
accelerators, the deployment of high-bandwidth/low-
latency networks, the increasing capabilities available
at the network edges, and the proliferation of cloud
services and technologies such as containers.

Advances in computer science are essential to
address this growing complexity. These advances
span new algorithms and system architectures, new
software abstractions and programming systems, new
execution paradigms and environments, integration of
data-driven methods and AI/ML techniques, etc. The
role of computer science research in the continuing
advance of applicable methods is critical. For example,

systems that were previously science fiction, such as
real time language translation and speech recognition,
are now available only because of deep computer sci-
ence research.

Traditionally, computer science research has been
split into pure and applied streams—foundational
research being more “blue sky” without clear and
immediate applications, and applied research being
performed when explicit problems need to be solved.
Even this distinction has blurred over time because
there are many examples of research that appeared
foundational and have had enormous applications in
time. For example, graph theory is critical for most of
the genomic analysis performed routinely these days.
However, as the application, computer science, and
technology landscapes evolve rapidly, it is becoming
important that we closely couple cycles of innovation
between computer science and other disciplines.

In contrast to computer science research, the field of
medicine has embraced a third mode of enquiry called
Translational Research (TR). In TR, the pure and applied
methods are augmented with a focus on “translation
into practice.” TR differs from applied research in which
the application phase is intrinsically bound into the
research timeline rather than being an optional and sep-
arate activity. By doing this the applicability of the work
can be fed back into the research itself, increasing the
chance that the methods scale and apply in the real
world. Translational medicine (TM) talks of research
done at the bench being translated to the bedside in
consultation with a community of practice. These three
aspects of TM guarantee good research is done in the
first place and the work is applied in partnership with
those who will use it. Importantly, the flow is not unidi-
rectional, and information gained from application is fed
back to the bench for modification and enhancement.
Likewise, successful adoption is improved because the
community feeds back information into the core
research. TM is best known for its application to phar-
maceutical research, and the current rapid development
of COVID-19 vaccines serves as the most poignant con-
temporary illustration of the overall process.

1521-9615 � 2021 Crown Copyright
Digital Object Identifier 10.1109/MCSE.2021.3109962
Date of current version 23 September 2021.

September/October 2021 Published by the IEEE Computer Society Computing in Science & Engineering 5



In an article in IEEE Computer in 2019,1 we pro-
posed an analogous paradigm for computer science
research called Translational Computer Science (TCS).
Building on the successful TM framework, we rela-
beled the TM axes laboratory, locale, and community.
In that paper, we outlined the benefits of TCS such as
more pragmatic applied research and the reduction in
time to adoption. We also distinguished translation
from commercialization, the latter which implies a
financial angle that may not necessarily be present in
all applications of computer science.

We identified a number of reasons that TCS has
not been widely adopted to date. Most notable among
these was the lack of support for translation in most
research funding schemes and reward structures. Tra-
ditional grants support both pure and applied
research, but it is difficult to translate results with
existing funding envelopes and timelines. Further, tra-
ditional Ph.D. programs make it difficult for a student
to both perform research and translate it in the limited
time available. Most computer science publication
venues do not place any value on translation, and as a
result, papers that report on translational aspects are
not that highly regarded. Consequently, traditional
metrics suffer if a researcher spends the time on
translation as well as the research. Finally, we lack
good exemplars, meaning researchers cannot see
what is possible.

In a recent issue of the Journal of Computational
Science,2 we solicited papers from teams who were
managing to perform translational research “against
the odds.” Our goal was to both highlight the benefits
but also draw attention to the inhibitors. Interestingly,
across 11 papers all the detractors cited in our original
paper appeared, plus an additional one, i.e., sustaining
research artefacts such as software products.

In this new CiSE Department, we will solicit papers
that both promote TCS and highlight the challenges.
Here, we focus on the role in science and engineering
applications to demonstrate that supporting transla-
tion not only leads to better computer science
research, but also aids the field it supports. Articles
appearing in this department will focus on the pro-
cesses used by researchers to translate computer sci-
ence innovations into impact on one or more S&E

domains, as well as the lessons learnt along the way.
We expect that the Department leads to changes in
our organizations and in the funding agencies to bet-
ter support translational research over the long term.
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